The effects of land use on black fly assemblages were investigated in submontane rivers (the Ľubochnianka River, the Revúca River, upper Váh River catchment) in the Carpathians. We recorded 11 black fly species in the Ľubochnianka River and 10 species in the Revúca River. Land use differs between the catchments; the Ľubochnianka is a primarily forested catchment, and the Revúca is markedly deforested catchment. Fifteen environmental variables were analysed. Based on the results provided by CANOCO, phosphorus level and stream slope are the most important variables and have significant influences on the variability of black fly assemblages. In spring, Prosimulium rufipes occurred along the entire lengths of the streams. The black fly assemblage of the Revúca River differs from the assemblage of the Ľubochnianka River mainly by its higher abundances of Simulium variegatum and Simulium ornatum, by the presence of Simulium carthusiense, and by the absence of Prosimulium hirtipes.
Introduction
Streams provide vital ecosystem services in connection with the surrounding landscape. Land cover, in particular, is an indicator of the present state of land use (Feranec & Oťahel 2001) . It is important to understand how different types of land use affect physical, chemical, and biological characteristics and their structure and function (Allan 2004; Martí et al. 2006; von Schiller et al. 2008) . Anthropogenic degradation of landscapes is reflected in the deterioration of stream conditions (Naiman et al. 1995) , resulting in restructuring of the original hydrobiont communities, as well as in the distribution of species. Many land-use practices increase sediment input to streams and, as a consequence, alter substratum characteristics and channel morphology, and often reduce macroinvertebrate diversity (Lenat & Crawford 1994) .
Black flies, as representative stream macroinvertebrates, are important components of the stream ecosystem (Cummins 1990) . The relationship between black fly assemblages and the landscape (ecoregions) through which their stream habitats flow was studied by McCreadie & Adler (2006) . Black fly communities can be used to identify structural degradation of streams and rivers (Feld et al. 2002; Lautenschläger & Kiel 2005) . Urbanization and agricultural land use affect the community structure and biodiversity of black flies (Adler et al. 2004; Zhank et al. 1998) . Changes in species composition can indicate longitudinal zonation and eutrophication (Halgoš et al. 2001; Illéšová et al. 2008) . Schreder & Waringer (2002) found that species richness of black flies in European streams increased with current velocity and the size of streambed particles.
The aim of the present study is to define environmental effects of land use on black fly assemblages in a range of submontane calcareous rivers in the West Carpathians (the Upper Váh River basin, Slovakia)
Study area
The study was carried out in the northern part of Slovakia. Both rivers -Ľubochnianka and Revúca -are left tributaries of the Váh River (Fig. 1) . They flow through the northern part of the Veľká Fatra Mts. This mountain range is formed mainly of limestone. The Revúca and Ľubochni-anka rivers spring from below the Krížna mountain (1574 m a.s.l.) and the Ploská mountain (1532 m a.s.l.), respectively, and flow through the National Reserve Veľká Fatra, a considerable part of which is covered predominantly by beech-fir or spruce forests. The predominant land use in the Revúca River basin (Table 1) is pastoral farming, cropping, and agglomerations, while most regions above 800 m a.s.l. have relatively well-preserved natural vegetation.
The catchment area of the studied Revúca River basin is nearly 266 km 2 , whereas that of the Ľubochnianka River is 118 km 2 . Locally cut forests predominate in the Ľubochni-anka River surroundings. The general gradient of degradation of streams resulting from land use analysis in the Revúca River (Table 1) indicate structural degradation of the catchment area due to anthropogenic activities. The rivers flow in parallel valleys that are separated by the main ridge of the Veľká Fatra Mts. Mean water depth, stream velocity, and discharge in the study stretch were established from 7-13 measurements (number depending on width) evenly spaced across the channel. Water temperature, oxygen, conductivity, and pH at the time of sampling were measured with a model HQ30D Meter. Nutrients were measured according to the method of Hrbáček et al. (1972) . Prior to the sampling, the habitat coverage was estimated for the complete 100 m section, information on site's mineral and biotic microhabitats were recorded according to STAR protocols (Furse et al. 2006) . Quantitative samples were taken from different sites and substrates (psamal, akal, microlithal, mesolithal, Explanations: (+) -qualitative samples, (in %) -quantitave samples, LA -spring, 1200 m a.s.l., LB -below the spring, 1000 m a.s.l., LC -800 m a.s.l., LD -700 m a.s.l., L1 -Ľubochnianka 1, L2 -Ľubochnianka 2, R1 -Revúca 1, R2 -Revúca 2.
Material and methods

Sampling
macrolithal, and moss) within each study stretch, using a STAR net with 0.3-mm mesh (bottom area of specific substrata was multiplied by the proportion of microhabitat times 25 × 25 cm 2 ). Black flies were collected as a part of that macrozoobenthos. Periphyton adhering to 7-10 stones was removed with a nylon brush and the surface area of the stones measured with aluminium foil, according to the method described by Punčochář (1986) . To assess the amount of transported organic matter (TOM), samples of 20-25 L were collected from the stream. Particulate organic matter (CPOM and FPOM) was collected by inserting a sharply pointed tube (area 0.006 m 2 ) 10-15 cm into the substratum. The material inside the cylindrical bottom sampler was raked out and mixed by hand with water, from which a subsample of 0.5 L was taken. This procedure was repeated several times for both stony and sandy microhabitats . Particulate organic matter was separated by passing the samples through a nested series of sieves (1.0 mm, 50 µm).
Data analysis
All data were transformed, if appropriate, using logarithmic or arcsine square root (% data) transformations. Ordination was used to analyze the distribution of black flies and to relate the species composition to environmental parameters of the stream types. Ordination was carried out using principal components analysis (PCA) and canonical correspondence analysis (CCA) (Ter Braak 1987) as part of the program CANOCO for Windows, version 4.0 (Ter Braak & Šmilauer 1998) . Forward selection was employed, with Monte Carlo permutation testing and Bonferroni adjustment, to identify a statistically significant subset of these variables. The saprobic index was calculated according to the method of Zelinka & Marvan (1961) in software ASTERICS 3.01. 
Results
When we compared sites on the Ľubochnianka River and the Revúca River (L1, L2, resp. R1, R2) the species diversity in both streams was almost equal. We recorded 11 black fly species in the Ľubochnianka River basin and 10 species in the Revúca River basin (Table 4 ). In the spring area of the Ľubochnianka River, we found 4 species, whereas in the epirhithral stretch we found 6 species and in the metarhithral 11 species. In spring, Prosimulium rufipes occurred along the entire stream. Simulium argyreatum, S. monticola, and S. variegatum begin to colonize the stream in its epirhithral stretch, but their peak occurrence is in the metarhithral (L1, L2). On the contrary, S. argenteostriatum, S. reptans, and S. ornatum begin to occur in the metarhithral. The first two species prefer larger streams with greater discharge. Simulium cryophilum, S. brevidens, and S. vernum do not occur abundantly in the Ľubochnianka River. Simulium vernum was found only in qualitative samples, its distribution determined by its habitat requirements. It uses grasses, plants, and twigs reaching from banks into the stream. Simulium brevidens has its peak occurrence in the epirhithral of the Ľubochni-anka River. We interpret its occurrence at L2 in March to be a result of drift rather than a stable occurrence. Prosimulium hirtipes occurred only at locality L2. The black fly assemblage of the Revúca River, where the investigation was carried out in the metarhithral in the upstream part of the R1 stretch and downstream R2 stretch (9 species in each stretch), differs from the assemblage of the Ľubochnianka River by the presence of S. carthusiense. Simulium argenteostriatum was recorded only in the qualitative samples. Simulium variegatum was dominant in the black fly assemblages of the Revúca River. Simulium monticola was abundant in the lower stretch of the Revúca River in spring. Simulium reptans was found mainly in the waters of the Ľubochnianka River.
The ecological position of the studied rivers was determined by large-scale (altitude, slope, land use) and medium-scale (physical, chemical, biological) environmental factors -PCA (Fig. 2.) . Environmental variables such as periphyton (biofilms), FBOM, conductivity, nitrogen, and water temperature were related to changes in landscape. On the contrary, dissolved oxygen, CBOM, and the fraction of coarse substrata were related to part of the woodland landscape. The PCA explained 93.4% of the variance in the first two axes (axis 1 = 64.3%; axis II 29.1%). The first axis presents the gradient of the indigenousness of the stretches under consideration.
PCA was based on quantitative data for black flies from four study sites (Fig. 3) (the Ľubochnianka River -L1, L2; the Revúca River -R1, R2). Given the PCA and index of diversity, sites L1, L2 are situated in indigenous habitat, confirmed by the presence of species in the first and second quadrants, whereas sites R1, R2 are strongly affected by changes in riverscape. Typical black fly species at these sites are situated in the third and fourth quadrants (Fig. 3) . In the lower part of the Revúca River (R2), the index of diversity is the lowest (0.66) due to the dominant position of S. variegatum, higher abundance of S. ornatum and, in spring, also S. monticola. Among all sites studied, the lowest diversity index was recorded at this site, where the growth of filamentous green algae did not allow the larvae to attach to the substrate. However, the natural substrates were substituted by artificial substrates (plastic bags). The increased eutrophication caused by settlements and agriculture was manifested by increased nutrient supply in the river ( Table 2 ). The surrounding landscape becomes more open.
In the upper course (R1), we recorded the highest index of diversity (1.09), as well as the highest equitability of the black fly assemblages, reflected in the presence of stenoecous species and the penetration of euryecous species from lower stretches of the river. In the quantitative samples, S. carthusiense was found only here. Simulium argyreatum predominated at site L1. The Shannon-Wiener diversity index was 0.82 (Fig. 3) . Site L2 is more undisturbed than site L1. We recorded S. brevidens and P. hirtipes only at this site. The diversity index was 0.75. Simulium argenteostriatum, P. rufipes, and S. reptans were restricted to the Ľubochni-anka River. The abundance of these three species was similar in the upstream and downstream stretches. Table 5 shows that the highest values for black fly abundance and biomass were in March at almost all sites, except site R1. We found a considerable number of larvae infected with microsporidia at site R2, which we consider to be a consequence of habitat degradation.
The CCA analysis (Fig. 4) and testing of the influence of individual environmental variables showed that phosphorus level and stream slope are the most important variables and that they have a significant influence on the variability of the black fly assemblages. The slope is considered a natural variable correlated with altitude and "wateriness". The highest eutrophication was at R2, followed by R1; L1 and L2 were equal.
The changes in the saprobic index and number of species at the study sites are given in Fig. 5 . The saprobic index is similar at sites L1 and L2, increases at R1, and peaks at R2. The number of black fly species at L1, L2, and R2 is relatively similar but higher than in the lower stretch of the Revúca River.
Discussion
Our results can be compared with those of Krno (1978 Krno ( , 1982 and Illéšová & Jedlička (1992) . Krno (1978) studied the zoobenthos of the Revúca River and its tribu-taries, where he found 10 black fly species. He evaluated the benthic communities, especially using the combined hydrographic criteria. The five basic types of streams were characterized by the frequency and dominance of the benthic species. He confirmed the occurrence of species in the Simulium vernum group, viz. S. angustatum, S. cryophilum, and S. vernum in the first two zones defined by him as mountain brooks (1010-850 m a.s.l.) and torrents (850-700 m a.s.l.). Prosimulium rufipes, as confirmed also by us, is a stable species in the assemblage of the middle stretch of the Revúca River. Unlike our quantitative samples at site R2, he recorded S. reptans also in the Revúca River downstream. Its occurrence was confirmed only in the qualitative samples. On the contrary, Krno (1978) found S. monticola in the first three zones only individually, whereas we recorded it at R2 in March 2008 as a dominant species. The same can be said about S. argyreatum at R1 and R2, where we found it in the spring months as a dominant or subdominant species.
The dominant species at R2 was S. variegatum. Krno (1978) did not find S. variegatum in the Revúca River basin. We did not record S. trifasciatum, S. maximum, or S. angustatum in the Revúca River basin, but we did record S. carthusiense, S. argenteostriatum, and S. variegatum.
The increased pollution in the middle section of the Revúca River and its main tributaries was confirmed by Krno & Valachová (1999) in their study concerning changes in the macrozoobenthos during 1971-1993. Some groups of Diptera (Simuliidae, Chironomidae) were not used in the saprobic index and ecological index calculations. Nonetheless, groups such as Ephemeroptera, Plecoptera, and Trichoptera showed changes in species composition and decreases in α-diversity in polluted parts of the streams.
In the global evaluation of zoobenthos from the Ľupčianka River (northern slopes of the Low Tatra Mts), Krno (1982) included black flies. He distinguished here, on a higher hierarchical level, the crenal and rhithtral. On a lower hierarchical level, he divided the rhithral into the first zone with the dominant species P. rufipes and S. monticola and a second zone with two subzones (a) with the abundant P. rufipes and (b) with S. reptans dominant and S. variegatum and S. ornatum abundant. Unlike the black fly assemblages in the Ľupčianka River (Krno 1982 ), we did not find S. aureum, S. trifasciatum, or S. tuberosum in the metarhithral stretch of this river. By the global evaluation of the zonation of macrozoobenthos Krno (1982) indicates that the black fly taxocoenoses do not correspond with the approved classification of zoobenthos.
In the 1980s, the black fly assemblages were studied in the southern part of the Veľká Fatra Mts (Illéšová & Jedlička 1992) . Fifteen species of black flies were found here and on the basis of assemblage structure, two types of assemblages were distinguished -the epirhithral and the metarhithral, exhibiting some characteristics of a transition to the hyporhithral. Prosimulium rufipes and S. monticola are typical of the epirhithal; S. argyreatum, S. variegatum, and S. argenteostriatum are typical of the metarhithral. At sites exposed to anthropogenic pressures, the absolute and relative abundances of S. variegatum increase. This species evidently is more tolerant of the anthropogenic load of the aquatic environment than are other species. This condition also was confirmed at site R2 in the Revúca River.
Black fly assemblages in relation to the anthropogenic load of the Hron River were studied by Illé-šová et al. (2008) . The most important variables were linked to nitrates and maximum water temperature, which gradually increase from the upper stretch of the river. The river passes from its source through an area exposed to different human activities such as industry, agriculture, and urbanization. Simulium ornatum, S. reptans, and S. variegatum are restricted to mesothrophic streams in the middle part of the Hron River. Beracko et al. (2009) studied macroinvertebrates in running waters of various landscapes in the Carpathian region. When they compared black fly assemblages in native and disturbed riverscapes, the abundance was higher in non-affected streams. The same situation was confirmed for stoneflies. On the other hand, greater abundances of the permanent fauna (Turbellaria, Oligochaeta) and Chironomidae larvae were found in disturbed riverscapes. The permanent fauna and Chironomidae are more dominant (30%) in the disturbed riverscapes, whereas their proportion in the macroinvertebrate community is only 10% in the native landscape.
Habitat degradation as a result of anthropogenic disturbance is a major impact threatening biodiversity worldwide (Pramual & Kuvangkadilok 2009) ; these authors examined black fly species richness and species assemblages in forest and agricultural streams in Thailand. Comparisons of the physicochemical conditions between forest and agricultural streams indicated that streams in agricultural areas are warmer with higher conductivity and fewer riparian trees. Species richness was significantly higher in forest streams than in agricultural streams. Agricultural land use has a detrimental effect on black fly diversity and species assemblages.
Our results revealed the impact of land use on physicochemical conditions and black fly assemblages in submontane streams. The conditions at site R2 are warmer, with higher conductivity, P PO 4, N NO 3 and SO −2 4 . The index of black fly species diversity is the lowest at this site. Increased algal production in the Revúca River is a consequence of increased nutrient concentration.
